Eal A Y

||} DISTRIBUTION STATEMENTA
Strategic Emeonmantal Rese Approved fOf PUb'iC Re'ease

and Development Progr:

- !mnrovi;':\g Mission Readiness Throuch DiStribution Un"mited

nvironimental Ressarch

ivalnation
upport
ctivity

Report No. SFIM-AEC-ET-CR-97026

Funded by:

Strategic Environmental Research and Development
Program (SERDP)

Arlington, Virginia 22203

Prepared for:
U.S. Army Environmental Center (USAEC)
Aberdeen Proving Ground, Maryland 21010-5401

Contracted by:

Defense Evaluation Support Activity
Kirtland AFB, New Mexico 87117
Contract No. DW398AW95

Prepared by:

TRW Systems Integration Group
One Federal Systems Park Drive
Fairfax, Virginia 22033

o0

WG QUALKLY dvsdas sl 2




%od L peeer BT T DAl Condirrriscallal Ll TA
. C D8 M Z;WL»% Gredl Lfo Cozgoiealicl ,(4/,7&“%
[ . "3

PLEASE CHECK THE APPROPRIATE BLOCK BELOW:

-AQ# U93%3-06-0753

O

ﬂ- copies are being forwarded. Indicate whether Statement A, B, C. D, E, F. or X applies.

Qr DISTRIBUTION STATEMENT A:

O

OO0 O

APPROVED FOR PUBLIC RELEASE: DISTRIBUTION IS UNLIMITED

DISTRIBUTION STATEMENT B:

DISTRIBUTION AUTHORIZED TO U.S. GOVERNMENT AGENCIES
ONLY; (Indicate Reason and Date). OTHER REQUESTS FOR THIS
DOCUMENT SHALL BE REFERRED TO (Indicate Controlling DoD Office).

DISTRIBUTION STATEMENT C:

DISTRIBUTION AUTHORIZED TO U.S. GOVERNMENT AGENCIES AND
THEIR CONTRACTORS; (lndicate Reason and Date). OTHER REQUESTS .
FOR THIS DOCUMENT SHALL BE REFERRED TO (Indicate Controlling DoD Office).

DISTRIBUTION STATEMENT D:

DISTRIBUTION AUTHORIZED TO DoD AND U.S. DoD CONTRACTORS
ONLY; (Indicate Reason and Date). OTHER REQUESTS SHALL BE REFERRED TO
(Indicate Controlling DoD Office).

DISTRIBUTION STATEMENT E:
DISTRIBUTION AUTHORIZED TO DoD COMPONENTS ONLY:; (Indicate
Reason and Date). OTHER REQUESTS SHALL BE REFERRED TO (Indicate Controlling DoD Office).

DISTRIBUTION STATEMENT F:
FURTHER DISSEMINATION ONLY AS DIRECTED BY (Indicate Controlling DoD Office and Date) or HIGHER
DoD AUTHORITY.

DISTRIBUTION STATEMENT X:

DISTRIBUTION AUTHORIZED TO U.S. GOVERNMENT AGENCIES
AND PRIVATE INDIVIDUALS OR ENTERPRISES ELIGIBLE TO OBTAIN EXPORT-CONTROLLED
TECHNICAL DATA IN ACCORDANCE WITH DoD DIRECTIVE 5230.25. WITHHOLDING OF
UNCLASSIFIED TECHNICAL DATA FROM PUBLIC DISCLOSURE. 6 Nov 1984 (Indicate date of determination).
CONTROLLING DoD OFFICE IS (Indicate Controtling DoD Office).

This document was previously forwarded to DTIC on (date) and the
AD number is

In accordance with provisions of DoD instructions. the document requested is not supplied because:

It will be published at a later date. (Enter approximate date. if known).

Other. (Give Reason)

DoD Directive 5230.24, “Distribution Statements on Technical Documents,” 18 Mar 87, contains seven distribution statements, as
described briefly above. Technical Documents must be assigned distribution statements.

j—i”iom Islnlbas}wi) oL'Lmj ’/')SS’"’-

Print or Type Name

LW Dbk 2]4]99 Yo - 73178

Authorized Signature/Date Telephone Number



REPORT DOCUMENTATION PAGE Form Approved
OMB No. 0704-0188
Public reporting burden for this collection of i ton is estil d to average 1 hour per resp including the time for reviewing i i hing existing data sources, gathering and maintaining the data needed..nnd cqn\plcﬁng and
iewing the collection of inft ion. Send garding this burden estimate or any other aspect of this collection of infc ion, including suggestions for reducing this burden, to Washi Headq Services, Di for
tibon Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of M and Budget, Paperwork Reduction Project (0704-0188), Washi; DC 20503.
1. AGENCY USE ONLY (Leave Blank) | 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
June 1997 Final, March 1997 - June 1997
4. TITLE AND SUBTITLE 5. FUNDING NUMBERS
New Lower Estimate for Soils Contaminated With Secondary Explosives and the
Associated Implications
6. AUTHORS(S) Defense Evaluation Support
. . Activity, Contract No.
Michael P. Kruchoski DW398AWO5
Subtask 04-19
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
TRW Systems Integration Group REPORT NUMBER
1755 Jefferson Davis Highway
Crystal Square 5, Suite 202
Arlington, Virginia 22202
5, SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING / MONITORING
U.S. Army Environmental Center AGENCY REPORT NUMBER
: SFIM-AEC-ET-
SFIM-AEC-ETD A CRO7026
Aberdeen Proving Ground, MD 21010-5401
11. SUPPLEMENTARY NOTES
Project Officer: Albert J. Walker, Jr.
12a. DISTRIBUTION / AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE
Unlimited
13. ABSTRACT

This report gives an estimate of the volume of explosives-contaminated soil requiring remediation at selected
Army installations as of March 1997. It also estimates a total cost of treating this soil. The report describes the
process and assumptions used to identify installations with known or suspected contamination, identifies sites
likely to require treatment, and estimates the volume of contaminated soil at each selected site. Finally, it
compares this new soil volume estimate with a previous estimate, explains why they differ, and describes the
implications of these results. :

Based on 1996 data, there is an estimated total of 287,000 cubic yards of explosives-contaminated soil at 15
installations requiring excavation and treatment. For this estimate, the contaminants of concemn were primarily
trinitrotoluene (TNT), Royal Demolition Explosive (RDX), and High Melting Explosive (HMX). Our report
does not include (a) sites where treatment has been completed, is in progress, or will begin in FY97, () sites
contaminated by primary explosives, (c) sites contaminated only by propellants, or (d) Formerly Used Defense
Sites. It also does not address ground water contamination, which was outside the scope of this task. The cost
estimate for treating this soil using composting is between $116 million and $134 million.

14, SUBJECT TERMS 15. NUMBER OF PAGES

Explosives, Composting, Soil, Remediation, Propellants, Contamination, 37

Environment. 16. PRICE CODE

17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT

Unclassified Unclassified Unclassified Unlimited




Table of Contents
PUIPOSE.....couiiiiiiiiiiit sttt sttt s e st a et e e ne e aeae s ne 1
RESUIES ..ottt sttt a st eben s e s r b esansenan 1
ASSUIMPLIONS.....cueuieiereerueereecriecstsetseesesessesestesastesessssesessssessssesessesesaessesessnsssssesrsessessosones 1
Research & Analysis MethOds.......coccvueciienriiiiiniiniiincriecencses e ebe st esesenens 1
Comparison to Previous Work.......cccccveveiinneneiisisessseeste et seeve e et e s 3
IMPLICAIONS.....cviiriititiiiiicrcre ettt ettt st es s s e e s s s s resebesesrenensanen 4
RETEIENCES .....cueveiiiiicict ettt b e bbb b s s s st s e e nes 5
Appendix A. Installations Listed by Remediation Status...........ccceeeverevereriecvccnenvnnnne A-1
Appendix B. Site Selection Methodology .........ecceveeeeeerireereieneererienererecssseseesrerenens B-1
Appendix C. Sites Not Requiring Cleanup..........ccccceeerereererereieeeneererereeeseecreseseeesenene C-1
Appendix D. Volume Estimation Methods..........ccocecveeererneeccneercreeeeceeereseseeeeene D-1

List of Figures
Figure D-1. Geometry for Estimating Soil Volume of Rectangular Lagoons............ D-4
Figure D-2. Geometry for Estimating Soil Volume of Round Lagoons .................... D-4
List of Tables
Tablel. Summary of Soil Volumes and Treatment Costs.............ccccvveervreerereenennnne. 2
Table A-1. Installations by Remediation Status..............coccecevvevererrerereerereeneneereerennns A-2
Table B-1. Contaminated Sites Requiring Cleanup...........ccocevevevvueeeereneeveeererereesnnns B-3
Table C-1  Sites Not Requiring CLEANUP ........ceveeveeeveevereeeereieeeenseeeeeseeseseeesessesesans C-4

Table D-1. Dimensions and Alternate Volume Estimates for Nine Selected Sites... D-2




New Lower Estimate for Soils Contaminated With
Secondary Explosives and the Associated Implications

Purpose: This report gives an estimate of the volume of explosives-contaminated soil
requiring remediation at selected Army installations as of March 1997. It also estimates a
total cost of treating this soil, assuming the use of composting for the treatment. The
report describes the process and assumptions used to identify installations with known or
suspected contamination, identifies sites likely to require treatment, and estimates the
volume of contaminated soil at each selected site. Finally, it compares this new soil
volume estimate with a previous estimate, explains why they differ, and describes the
implications of these results. This report does not include Formerly Used Defense Sites
(FUDS) since this data was not available to TRW.

Results: Based on 1996 data, TRW estimates a total of 287,000 cubic yards (287
kilocubic yards (Kyd’)) of explosives-contaminated soil at 15 installations (54 sites)
requiring excavation and treatment. The cost estimate for treating this soil using
composting is between $116 million and $134 million, based on the figures and
conclusions in the Cost Report: Windrow Composting to Treat Explosives-Contaminated
Soils at Umatilla Army Depot Activity (UMDA) (ref. 1). These estimates were based on
the use of composting because it offers the lowest overall unit cost for the low soil
volumes identified for treatment at each installation. The $134 million estimate assumes
a treatment cost of $467 per cubic yard ($346 per ton), the documented cost for
composting at UMDA, while the $116 million estimate assumes a hypothetical lowest
unit cost of $404 per cubic yard ($299 per ton). (These unit treatment costs do not include
U.S. Army Corps of Engineers costs for support and contracts.) The lower unit cost is
based on cost savings that are possible if recommendations in the UMDA cost report are
followed. Table 1 shows the soil volumes and treatment costs for the fifteen installations
where future remediation is required.

Assumptions: For TRW's estimates, the contaminants of concern were primarily
trinitrotoluene (TNT), Royal Demolition Explosive (RDX), and High Melting Explosive
(HMX). Our report does not include (a) sites where treatment has been completed, is in
progress, or will begin in FY97, (3) sites contaminated by primary explosives
(nitroglycerine, lead azide, and lead styphnate), (¢) sites contaminated only by
propellants, or (d) FUDS. It also does not address ground water contamination, whlch
was outside the scope of TRW's tasking.

Research & Analysis Methods: TRW arrived at these estimates through a four-step
process that used four data sources. First, installations with known or suspected
explosives contamination were identified either by querying the Defense Site
Environmental Restoration Tracking System (DSERTS) database for explosives-
contaminated soil or through knowledge of current or former installation missions. The
result was a list of 50 installations (see Table A-1) that required further investigation.
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Table 1. Summary of Soil Volumes and Treatment Costs

Installation Soil Volume Estimated Treatment Cost
& Location (Kyd®) (thousands of $)
High Low

Aberdeen Proving Ground 10 4,670 4,040
Aberdeen, MD
Anniston AD 27 12,609 10,908
Anniston, AL ’
ARDEC (Picatinny Arsenal) 17 7,939 6,868
Dover, NJ ,
Bluegrass AD 2 934 - 808
Richmond, KY
Camp Navajo 7 3,269 2,828
Flagstaff, AZ
Dugway Proving Ground 5 2,335 2,020
Dugway, UT
Fort Irwin 4 1,868 1,616
San Bernardino County, CA
Fort Wingate 27 12,609 10,908
Gallup, NM
Kansas AAP 24 11,208 9,696
Parsons, KS
Longhorn AAP 4 1,868 $1,616
Marshall, TX
Radford AAP 10 4,670 4,040
Radford, VA
Ravenna AAP 55 25,685] - 22,220
Ravenna, OH
Seneca AD 10 4,670 4,040
Romulus, NY
Sunflower AAP 83 38,761 33,532
Desoto, KS
Volunteer AAP 2 934 808
Chattanooga, TN

Total 287 134,029 115,948

Second, the author used several government proprietary documents made available

during the research: Installation Action Plans (IAPs), Base Realignment and Closure
(BRAC) Cleanup Plans, and the Cost-to-Complete Report. The IAPS and BRAC
Cleanup Plans identify and document the status of all sites with known or suspected

contamination at the installations, describing each site, its historical uses, contaminants,

nature and extent of contamination, and other relevant information. These plans are

written and published by the installations, and updated annually. The Cost-to-Complete
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Report is a U.S. Army Environmental Center (USAEC) document that identifies the types
and costs of cleanup actions for each site where remedial action has been projected. The
report is updated periodically and coordinated with installation personnel to ensure that it
reflects the current cleanup plans for the sites. The IAPs or BRAC Cleanup Plans were
used to compile a list of 521 sites where there had been documented concerns about
explosives contamination of the soil. Based on information from the IAPs, BRAC
Cleanup Plans, and the Cost-to-Complete Report (ref. 2), several selection criteria were
developed to narrow this list from 521 sites to the 54 sites judged likely to require
treatment. Appendix B describes the selection criteria; Table B-1 lists the 54 sites
requiring cleanup. Appendix C lists the remaining 467 sites and the reason(s) they were
eliminated from consideration.

Third, a total volume of contaminated soil at these 54 sites was estimated. For most sites,
we used the most recent volume estimates from the Cost-to-Complete Report, but for
nine sites we made alternate estimates based on the site sizes documented in the IAPs and
our assumptions about the site geometries. See Appendix D for the estimation methods
for these nine sites.

Finally, TRW estimated a total cost of treating the soil, using the unit treatment cost from
the Cost Report: Windrow Composting to Treat Explosives-Contaminated Soils at
Umatilla Army Depot Activity (UMDA) as our basis. All assumptions and analysis
methods underlying our site selection process, and soil volume and treatment cost
estimates, are documented in Appendices B and D to facilitate comparisons with
alternative estimates based on different assumptions.

Comparison to Previous Work: TRW’s own detailed site characterization studies at
Volunteer AAP, Louisiana AAP, and Holston AAP — conducted for the U.S. Army's
National Environmental Technology Test Sites (NETTS) Program, sponsored by the
Strategic Environmental Research and Development Program (SERDP), and managed by
the USAEC - confirmed that the volume of contaminated soil at these three installations
was significantly lower than earlier soil volume estimates. Because these installations
had been identified among the most seriously contaminated installations Army-wide, it
was concluded that initial site surveys tended to overestimate the extent of contamination
at most Army installations. TRW's soil volume estimate of 287 Kyd® is 59 percent lower
than the previous 706 Kyd® estimate made by Labat-Anderson in 1993, a difference of
419 Kyd®. There are two reasons for this major difference. First, their estimate included
twelve installations not included in our estimate that have since been cleaned up or are
currently undergoing cleanup, accounting for 354 Kyd® of the difference. This leaves
only 65 Kyd® difference between the 1993 Labat-Anderson estimate and TRW's estimate.
Second, our estimate was based on more recent and complete information available
during March 1997 in the DSERTS database, 1996 IAPs and BRAC Cleanup Plans, and
1996 Cost-to-Complete Report. Discussions with USAEC personnel familiar with
current conditions at relevant installations and sites also provided significant information
and guidance for this report.
3



Implications: This smaller soil volume estimate has serious implications for Research
and Development (R&D) policies and programs aimed at developing new, cost-saving
treatment technologies. Potential cost savings from new technologies need to be great
enough to recoup the development costs in order to provide cumulative savings.
However, the volume of soil awaiting cleanup will continue to decrease as sites are
cleaned up (while the new technologies are developed and tested), thus reducing the
potential for recouping those development costs.

For example, based on today's estimated volume of 287 Kyd®, for every $10 million
invested in future R&D programs, new treatments must save at least $35 per cubic yard,
ie.,

$35/yd® = $10 million + 287 Kyd’

just to recoup the research costs. However, many sites are projected for cleanup within
the next five years; the IAPs have identified only 14 sites (a total soil volume of 39 Kyd?
at five installations) for remediation in FYO02 or later. Thus, the projected cost savings for
treating this remaining soil volume must be at least $256 per cubic yard, i.e.,

$256/yd’ = $10 million + 39 Kyd®

to preclude losing, rather than saving, money. This means a new technology must cost
less than $211 per cubic yard, i.e.,

$211/yd’ = $467/yd’ — $256/yd’ = current unit cost — minimum required savings
before any actual savings can be achieved. In light of this, policy makers may wish to

reevaluate the goals of ongoing or planned R&D programs, either curtailing the programs
or redirecting their focus.
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Installations Listed by Remediation Status

Our research considered a total of 50 installations, which were identified by two methods.
First, a query of the DSERTS database for explosives-contaminated soil identified 33
installations. Next, an additional 17 installations were identified by USAEC personnel
based on their knowledge of past installation missions. Missions that typically
contaminate soil with explosives include explosives manufacturing; load, assembly, and
packing; and munitions demilitarization. Table A-1 lists all fifty installations by their
current status. It also shows the number of contaminated and estimated soil volume (in

Kyd®) at these installations.

Table A-1. Installations by Remediation Status

Cleanup Completed

Cleanup in Progress

Alabama AAP Badger AAP
Cornhusker AAP Crane AAP
Louisiana AAP Hawthorne AAP
Savanna AD lowa AAP
Umatilla AD Activity Joliet AAP
Milan AAP
Newport AAP
Pueblo Depot Activity
Sierra AD
Tooele AD
Installations With Known or Suspected Contamination
# sites Kyd® # sites Kyd?®
Aberdeen Proving Ground 10 10 Lone Star AAP 0
Anniston AD 2 27 Longhorn AAP 2 4
ARDEC (Picatinny Arsenal) 12 17 McAlester AAP 0
Bluegrass AD 1 2 Radford AAP 1 10
Camp Navajo 2 7 Ravenna AAP 7 55
Dugway Proving Ground 1 5 Red River AD 0
Fort Carson 0 Redstone Arsenal 0
Fort Drum 0 Riverbank AAP 0
Fort Gordon . 0 Seneca AD 2 10
Fort Irwin 1 4 Sunflower AAP 7 83
Fort Riley 0 Tobyhanna AD 0
Fort Sill 0 Twin Cities AAP 0
Fort Wingate 3 27 Volunteer AAP 2 2
Holston AAP 0 Watervliet Arsenal 0
indiana AAP 0 West Point Military Academy 0
Kansas AAP 1 24 White Sands Missile Range 0
Lake City AAP 0 Yuma Proving Ground 0
Letterkenny AD 0
A-2




Fifteen installations (shown at the top of Table A-1) had already been cleaned or are
currently in cleanup, so we did not review IAPs or BRAC Cleanup Plans for them. A
review of these plans was not considered necessary because annual updates generally
identified fewer sites for cleanup than initially estimated (before extensive site
characterization studies), so it was unlikely that previously unidentified sites would
appear now. Also, ongoing efforts at the ten installations where cleanup is "in progress"
are expected to complete all required remedial actions, leaving no contaminated soil for
future cleanup.

For the remaining 35 sites with known or suspected contamination (shown at the bottom
of the table), we reviewed the IAPs or BRAC Cleanup Plans to identify all sites where
explosives-contaminated soil had been documented as a concern. We used a spreadsheet
to compile data from these plans and the Cost-to-Complete Report to simplify site
selection. Our site selection identified fifteen installations (a total of 54 sites) with
explosives-contaminated soil requiring cleanup

Although the DSERTS query provided an initial basis for our research, the value of the
USAEC's historical institutional knowledge of installation missions was proven during
site selection. Of the 17 installations identified only through knowledge of past missions,
two installations had significant volumes of contaminated soil. Ravenna AAP and
Sunflower AAP had an estimated 55 Kyd® and 83 Kyd®, respectively, accounting for 48
percent of the estimated 287 Kyd” total volume.
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Site Selection Methodology

A process of elimination was used to develop our final list of 54 sites requiring cleanup.
Our selection methodology began with the 521 sites (identified in the IAPs and BRAC
Cleanup Plans), which we compiled in a spreadsheet. Although we initially assumed all
sites would require cleanup, we identified several situations that are not consistent with
that assumption and allow us to eliminate sites selectively. We excluded sites from the
cleanup list when:

(1) Soil sampling had shown explosives did not exceed trace levels.

(2) The IAP indicated no further remedial action was planned. We assumed site studies
had concluded that explosives contamination was not a problem.

(3) The Cost-to-Complete Report did not include the site. We assumed that remedial
actions were no longer required.

(4) A joint TRW and USAEC review of the site history indicated that explosive
contaminants were not likely.

(5) Nitrocellulose and propellants were the only contaminants listed in the IAP.
(Although propellants were not the primary concern for this effort, USAEC had
requested that TRW compile a list of propellant-contaminated sites while reviewing
the IAPs.)

(6) The Cost-to-Complete Report included the site but did not include any soil
remediation. We assumed installation personnel had determined that explosives
contamination did not warrant cleanup.

(7) The Cost-to-Complete Report indicated soil remediation by RCRA landfill disposal.
We assumed the soil was not contaminated with explosives, because landfill disposal
of explosives is prohibited by regulation.

(8) The Cost-to-Complete Report indicated soil treatment by solidification, which is not
used for treating explosives. However, we reviewed site descriptions in the IAPs for
all these sites to verify, on a case-by-case basis, whether this assumption was valid.
In a few cases, we decided to include the sites in our estimate.

(9) The Cost-to-Complete Report indicated soil remediation by thermal desorption,
which is not used for treating explosives. Again, we reviewed site descriptions in the
IAPs for all these sites to verify whether this assumption was valid. In several cases,
we chose to include the sites in our estimate.

(10) The projected “Response Completion” (RC) date in the IAP indicated that remedial
B-2



action had been completed or was underway.

Although an exhaustive validation of these assumptions was not possible due to time
constraints, discussions with knowledgeable personnel indicated the assumptions were
reasonable in light of the information currently available. Our assumptions are
documented above to facilitate alternative analyses based on different assumptions. After
completing this elimination process, we assumed all remaining sites would require
cleanup. Table B-1 lists the 54 remaining sites, the soil volume we estimated for each,
and the RC dates.

Table B-1. Contaminated Sites Requiring Cleanup

Site Name

Building E5604 Area

RC Date

EAWW21-B

EACC1F-A 1 Dec 2025
EACC3E Building E3300 / E3330 Lab Complex 1 Dec 2025
EACC3G Building E360X Area 1 Dec 2025
EACC3I Building E3570 Assembly Plant 1 Dec 2025
EACC3K-A  |Building E37XX Complex 1 Dec 2025
EACI04-B Decontamination Pits 1 Dec 2028
EACIO8 Lower Island Disposal Area 1 Dec 2028
EAGQO03-C |AOC Associated with Site 8 1 Dec 2028
EAOE19 Fort Hoyle Area 1 Jun 2014
1

Nov 2028

an

Northern & Southern Tetryl Pits

Jan 2022

( d TNT Washout aoons
- Nava P

PICA-001 1 Sep 2000
PICA-079 Buildings 809, 810 Explosives Manufacturing Waste Water Facility 4 Mar 2000
PICA-080 Building 1094 Laboratory Pack / Repacking Facility 1 Sep 2000
PICA-091 Buildings 221, 223 & 225 Machining of Explosives Facility 2 Mar 2000
PICA-131 Building 266 Ordnance Manufacturing 1 Mar 2000
PICA-132 Building 271 Load Facility 1 Mar 2000
PICA-145 Building 477 Explosives & Propellant Mixing Area 2 Mar 2000
PICA-151 Buildings 813, 816 & 816B Ordnance Facility 1 Mar 2000
PICA-152 Buildings 820 & 823 Ordnance Facility 1 Mar 2000
PICA-165 Building 1033 Explosives Loading 1 Sep 2000
PICA-167 Buildings 1373 & 1374 Propellant Plant / Ordnance Facility 1 Sep 2000
PICA-170 Buildings 1462, 1463 & 1464 Explosives Plants 1 Sep 200

0

L

e R s s ik s . . G @
TNT Retention Ponds 6 Dec 2000
NAAD-11B Building 318 TNT Washout / Recovery 1 Dec 2003
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DPG-199 | 199  |Open Burn/ Open Detonatlon Site [ 5 | unknown |

FTIR-25E Abandoned Open Detonation Site (Avawatz Dry lake Area) Dec 1998
y gg . ]

] Former TNTProductlon Area

FTWG-01  |TNT Leaching Beds unknown
FTWG-07 Building 530 Deactivation Furnace 1 unknown
none Building 503 TNT Flaker Bundmg 1 unknown

" Apr 1998

Former TNT Waster D|sposal Plant

Apr 1998

[SEAD-004

Munitions Washout Facility Leach Field

RVAAP- 08 Load Line 1 Dllutton / Settlmg Pond unknown
RVAAP-09 Load Line 2 Dilution / Settling Pond 17 unknown
RVAAP-10 Load Line 3 Dilution / Settling Pond 1 unknown
RVAAP-11 Load Line 4 Dilution / Settling Pond 17 unknown
RVAAP-12 Load Line 12 Dilution / Settling Pond 3 unknown
RVAAP-13 Bldg 1200 Dilution / Settling Pond 5 unknown
RVAAP-26 Fuze & Booster Area Settling Tanks 3 unknown

unknown

SEAD-052

Buildings 608 & 612: Ammunltlon Breakdown Area

Pond A Sludge Dlsposal Area

unknown

SAAP-004 68 | Jun 2000
SAAP-011 F-Line Area Settling Pond 8 Sep 1998
SAAP-026 Single Base Propellant Area Water Settling Sumps 1 Jun 2000
SAAP-033 Paste Area Half Tanks & Settling Ponds 1 Sep 2001
SAAP-034 Five Corners Settling Ponds 1 Sep 2001
SAAP-035 Nitroglycerine Area Settling Ponds 1 Sep 2001
SAAP-048 Nitroguanidine Support Area 3 Sep 2001
VAAP-01 East Acid Area 1 Apr 2000
VAAP-32 TNT Manufacturing Valley 1 May 2007

B-4
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Sites Not Requiring Cleanup

TRW documented all sites it investigated during this research. From our initial review of
35 Installation Action Plans (IAPs) and BRAC Cleanup Plans for the installations with
known or suspected explosives contamination, we found 521 sites where explosives-
contaminated soil had been listed as a concern. During our detailed review of these 521
sites, we determined that 467 sites either (a) did not have any explosives-contaminated
soil or (b) had contamination levels so low they were unlikely to require treatment.

Table C-1 lists these 467 sites and our reasons for excluding them from further
consideration. These reasons fall into two broad categories: (a) indications that no further
action is planned and (b) indications that there is no significant explosives contamination.
These two broad categories are further broken out by following:

IAP: The Installation Restoration Program (IRP) milestones status in the IAP (or
BRAC Cleanup Plan) indicated that no further action is planned.

C/IP: The "Response Complete" date was1997 or earlier, indicating that site
cleanup has either been completed or is in progress.

CTCR: Under "no further action," this means the Cost-to-Complete Report did not
include the site, indicating that further action is not planned. Under "no
explosives," this means the Cost-to-Complete Report did not estimate a soil volume
for remediation, indicating that contamination is not a problem.

CCNE: "Comparison criteria not exceeded" means that soil samples fell below
established criteria for explosives contamination.

NC: Contaminated only by nitrocellulose, which was not among the contaminants
of interest to USAEC for this report.

RVW: TRW's and USAEC's joint review of site descriptions and past site uses
determined that explosives contamination is at low (residual) levels not requiring
remediation.

LF: The Cost-to-Complete Report indicates that contaminated soil will be disposed
in landfill (not consistent with explosives contamination).

TD: The Cost-to-Complete Report indicates soil treatment by thermal desorption
(not consistent with explosives contamination).

SOL: The Cost—to-Complete Report indicates soil treatment by solidification (not
consistent with explosives contamination).

C-2



Prop: The IAP indicates contamination by propellants only. (At USAEC’s
request, TRW also identified sites contaminated by propellants.)
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Volume Estimation Methods




Volume Estimation Methods

The IAPs and BRAC Cleanup Plans did not generally include site dimensions or
estimated soil volumes, so for most sites TRW used the estimated soil volume from the
Cost-to-Complete Report. In all cases, we rounded these volumes up to the next
kilocubic yard.

The BRAC Cleanup Plan for Fort Wingate estimated soil volumes for all three sites
requiring cleanup; these estimates were also rounded up to the next kilocubic yard.

The IAPs provided dimensions or surface area for nine sites, identified in Table D-1,
making it possible to estimate soil volumes independently of the Cost-to-Complete
Report. For four of the nine sites, the IAP gave only the surface area. We converted this
area to a length and width, using 43,560 square feet for one acre and assuming a
rectangular shape and a 3:2 ratio for the sides. The dimensions based on this assumption
are shown in italics in Table D-1, but for the other five sites, we listed the dimensions we
took from the IAPs.

Table D-1. Dimensions and Alternate Volume Estimates for Nine Selected Sites

Site Area Length | Width Depth Volume
(ft) (fe) (ft) (Kyd’)
ANAD-11 0.75 acre| 221 148 8 6.405
RVAAP-08 1 acre] 256 170 8 8.46
RVAAP-09 295 295 8 16.668
RVAAP-11 361 241 8 16.675
RVAAP-13 0.5 acre| 182 120 8 4.33
SAAP-004 pond 86,200sq| 359 240 8 16.516
ft
sludge area 6.4 acres| 647 431 5 50.648
SAAP-011 4 ponds 80 50 8 0.867 (each)
3.469 (total)
2 ponds 70 40 8 0.627 (each)
1.254 (total)
2 ponds 100 8 1.604 (each)
dia. 3.208 (total)
SAAP-034 2 ponds 40 40 8 0.377 (each)
0.754 (total)
SAAP-035 2 ponds 40 30 8 0.293 (each)
0.586 (total)
D-2




We used these site dimensions to estimate soil volumes for the sites. Figures D-1 and D-
2 show the geometries we assumed for rectangular and round lagoons, respectively. We
also made the following additional assumptions for estimating the amount of soil for
excavation.

(1) We assumed that the length and width (or diameter) of lagoons were measured at the
top, rather than at the bottom, of the lagoons.

(2) For non-BRAC sites, we assumed excavation of only five feet of contaminated soil
from the bottom of the lagoons (and five feet laterally). The thickness of the
excavated layer is denoted as ¢ in Figures D-1 and D-2. Actual excavation depths will
depend on contamination levels discovered after soil sampling during site preparation.

(Soil samples at UMDA revealed that contamination levels were insignificant below
3.5 feet.) We did not calculate alternate estimates of soil volumes for the five BRAC
sites (at Ft. Wingate and Seneca AD) because the BRAC Cleanup Plans did not
provide site dimensions. For BRAC sites, we would have assumed a fifteen foot
excavation per USAEC guidance.

(3) We assumed a 45 degree slope for the walls of lagoons and ponds. (At UMDA, walls
were sloped 35 degrees.)

(4) We assumed lagoons and ponds would be eight feet deep. (Depth is denoted as /4 in
the figures to distinguish it from diameters, denoted by d.) This assumption is
consistent with IAP descriptions of several lagoons. (The sludge area at SAAP-004
was not a lagoon, so we estimated the volume based on excavation of five feet of soil
from the top of the bed.)

In general, for both rectangular and round lagoons, our estimated soil volume, Vi, is:
V,=V_ -V, where

V, is the larger, outer volume that includes both contaminated soil and the
capacity of the lagoon itself, and

V,is the smaller, inner volume (capacity) of the lagoon.
The formula for calculating the volume of any rectangular truncated pyramid (frustum) is:
V=LWH -WH-LW*+(4/3) 1,
where L, W, and H are the appropriate dimensions for either V, or V.. This formula can
be derived through a piecewise construction of the frustum or by integrating a differential

volume dV over the appropriate limits for x, y, and z.
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Figure D-1. Geometry for Estimating Soil Volume of Rectangular Lagoons

The general formula for round lagoons (the frustum of a cone, as shown in Figure D-2) is:
V=(n/12)H[D*+Dd +d.
This formula is found in many common engineering and mathematics references. The

estimated soil volume is, again, found by subtracting the smaller (interior) volume from
the larger (outer) volume as described above.

D'=d+2h+ 2t

D=d+2h

Figure D-2. Geometry for Estimating Soil Volume of Round Lagoons

We converted all soil volumes to kilocubic yards by dividing by 27,000 cubic feet per
kilocubic yard, then rounded the results up to the next kilocubic yard. Table D-1 shows
our estimates before rounding up.
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